Abstract: A fundamental requirement for any cellular system is the possibility for the device to request a connection setup, commonly referred to as random access procedure. In LTE (long term evolution) networks, the distribution of a limited number of radio resources among H2H (Human-to-Human) users and increasing number of MTC (Machine-Type-Communication) devices in M2M (Machine-to-Machine) communications is one of the main problems. An analytical model is conducted to compute the throughput for message 1 and message 2. This is done using a Markov chain model for the four messages signaling flow with buffering for message 4. This model is used in LTE 3GPP (Third-Generation Partnership Project) random access. The network performance will be enhanced by determining a dedicated arrival rate corresponding to maximum throughput of message 2 that will assist the network planner to optimize the network performance. In this paper, a deduced arrival rate less than 3.333 requests/ms will maximize network throughput.
Introduction


In the past, mobile communications were limited to the rich people and some people who had special reasons only. Now it is available to the majority of the world's population [1] . Modern wireless communication schemes like 3GPP (Third-Generation Partnership Project) LTE (long term evolution) network, do not allow serving effectively M2M (Machine-to-Machine) connections between a huge numbers of interacting MTC devices. A good background of this issue "when a huge number of machines request access" was explained in Ref. [2] . The finance approach is an important factor to increasing LTE network performance which is a problem facing the network planners. Random Access Procedure (RACH) is a possible solution for this problem [3] .
Increasing network capacity is the major objectives of LTE network. By this increasing user will benefit from high data rates usage with low latency, trust improved QoS (Quality of Service), and bring down the cost. For accessing a channel and trusting the QoS, two attributes of RACH procedures in LTE must be considered: contention based RACH and contention free RACH.
In contention based RACH, all MSs (mobile stations) request to share the contention for the resources. In contention free RACH, the e-NodeB assigns a reserved preamble for the MS, this will obviate the contention [4] .
A very huge number of machines, such as UE (user equipment) may dwell in coverage area of cell, which request periodically to access the network. They must have the minimum power required to be used efficiently as possible. The 3GPP has been carried in different studies [5, 6] that try to solve the subjects and problems related to MTC in the existing systems and the future LTE releases too. A detailed study and analysis of PDCCH (physical downlink control channel) performance for M2M traffic in LTE was introduced in Ref. [7] .
The main aim of this paper is to obtain the upper band of the request arrival rate in order to sustain the network performance metric such as the throughput for 
Random Access Procedure
A brief description of the contention based RACH procedure by the MTC channels is explained as follow.
Step A. The MTC device (UE) requests to initiate the RACH procedure by selecting an RACH preamble available randomly then sending this preamble in Msg. 1 using the PRACH (physical random access channel) in the uplink. When more than one machine (MS) take the same preamble from a certain sub-frame a collision occurs. However, after preamble was sent, the UE waits for a RAR (random access response). Msg. 2 from the e-NodeB within the time interval called a response window [3] , i.e., if more than one MS use the same preamble for Msg. 1 and a collision occurs; the e-NodeB will detect this event and will not send reply to UE. The transmission of an RACH preamble is related to dedicated sub-frames. The random access probably occurs every b sub-frame. So, b refers to periodicity. K refers to the available preambles total number.
Step B. e-NodeB will reply with Msg. 2, known as the RAR and it has UL grant for Step C. Msg. 2 is sent over the physical PDSCH. So, schedule the user is needed [7] , i.e., sends a downlink assignment control message over the PDCCH. At most an RAR message in each sub-frame will exist but each sub-frame may have more than one UL grant (each referring to a different preamble). Let c be defined as the maximum number of UL grants per RAR per sub-frame. Note that in this model, a UL grant is given for every uncollided preamble.
Step C. The UE sends Msg. 3 over the PUSCH. The collisions in Step A will appear in Step C: The two or more UEs that take the same preamble in Step A will all try to access the same UL grant in Step C to send their Msg. 3's. As a result, interference will occur and none of the UEs involved will send the subsequent Message 4. In the case of successful preamble transmission after receiving Msg. 2 from the e-NodeB and RAR processing time, the UE sends an RRC connection request Msg. 3 to the e-NodeB over PUSCH (Physical Uplink Shared Channel).
Step D. RACH procedure is completed after the UE receiving a contention resolution message Msg. closely connected from the point of view of the system, this model will be simplified by using the derived parameters M and m. This scheme is shown in Fig. 1 .
Model Parameters and Assumptions
In LTE there are K parallel Aloha channels used, and each time a UE makes a request of retransmission, the preamble is selected in random. By this random selection, the fresh random access requests and the retransmission attempts will be mixed. In addition, the model input parameter is a, which is the aggregate rate of total requests (arrival of new requests and retransmission requests) not equal to λ that implies the fresh requests rate per sub-frame. Let θ be defined as the throughput of successful requests. When the system is stable, it can be expressed as a function of a. If the average input rate is equal to the average output rate the system will be stable, which implies that the fresh requests arrival rate λ of is equal to the throughput θ of successful requests when the system is stable. By this way, the aggregate request rate a and the arrival rate λ of fresh requests may be related.
Let A nk be referred to the total number of RACH requests with preamble number k (including the new requests and the requests of retransmissions) in time slot n. Since the aggregate stream of requests is assumed to obey a Poisson process and the preambles are independently chosen from the uniform distribution, A nk are IID (Identically Independent Distributed) random variables obeying a Poisson distribution with mean ab/K and point probabilities, i.e.,
The probability of failure can be calculated as follow:
P r {failure} = P r {collision occurs in Step A} +P r {no collision occurs in Step A, loss occurs in Step B} + P r {no failure occurs in Steps A and B, delay occurs in
Step D}.
A call flow for successful and unsuccessful session setup establishment based on RACH procedure is shown in Fig. 2 .
Utilizing the definition of q ij (2) (a), we find that: will be considered as shown in Fig. 6 .
As shown in Fig. 6 , the maximum throughput is equal to 2.332 at arrival rate a equals a = 3.333 requests/ms and this result is in agreement with Ref.
[7].
Conclusions
The main aim of this paper is to obtain the upper band of the arrival request rate in order to sustain the network performance metric such as the throughput for MTC in LTE network. Explicit analysis for evaluation of throughput for Msg. 1 and Msg. 2 using a Markov chain model for the four messages signaling flow with buffering for Msg. 4 in LTE 3GPP random access was presented.
In LTE planning, it is important to take into consideration the requests arrival rate (as forecasting plan) and the planner must select the network parameters (such as the base station locations, antennas height, etc.) to achieve the maximum throughput. So in this paper, it was found that, the planner has to design the system with arrival rate less than 3.333 requests/ ms to maximize network throughput. If the arrival rate increases above this value, the collisions in Msg. 1 will increase, causing a degradation of the network throughput and also a decrease of the network performance.
The proposed analytical model will be assigned as a future work to calculate the state probability by using the Markov chain model explained in the proposed model taken into consideration the channel model, distribution and type of users.
